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(54) MANUFACTURE OF SEMICONDUCTOR ELEMENT 

(57)Abstract 

PURPOSE: To suppress the generation of lattice defects related to conductivity ''ryjf y 7 : ZZZZ&J!2& 

in a process of the formation of a thermal oxide film by a method wherein \ ■■'■*-> Xf * " :o;: 'V;% ; ^ 

hydrogen is caused to join unsaturated bonds in a silicon wafer surface when £— £ *r — -± 
the silicon wafer is subjected to heat treatment in a hydrogen atmosphere. : ,ii 

CONSTITUTION: A thermal oxide film 12 is formed on the surface of a silicon r^ggX ■-■y^^Zzr 

wafer 1 1. a resist 13 is applied to the entire surface, and then etching is accom ; 
plished for the removal of the thermal oxide film 12 from a region planned for 
the formation of a gate oxide film. The silicon wafer 1 1 is then subjected to an 
RCA rinse and washing with water for the formation of a thin natural oxide film 
14. Next, the wafer 1 1 is irradiated with light from a lamp, a halogen lamp for 
example, for the rise of the wafer surface temperature up to 1,000[° C], and is 
left for a minute in argon gas including some hydrogen. In this process, . .^^,^}- 

unsaturated bonds present in the surface of the silicon wafer 11 accept k — ^ : -f'^/f-^^-.: 

hydrogen atoms for saturation. Next, a thermal oxide film 15 is formed on the 
wafer surface t which is followed by the formation of a polycrystalline silicon film 
16. 
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* NOTICES * 



iTPO and NCXPX are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The annealing approach of the InP single crystal characterized by heat-treating an InP ingot or an 
InP wafer at 800-degree-C or more temperature of 1060 degrees C or less. 



[Translation done.] 
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2 **** s hows the word which can not be translated. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the annealing approach of removing the stress in an InP 

single crystal. 

[0002] 

[Description of the Prior Art] An InP single crystal substrate grows up an epitaxial layer mainly on it, and is 
used as a substrate for manufacturing semiconductor laser. However, if surface morphology is bad when 
growing up an epitaxial layer on the single crystal substrate with which stress exists, problems — a good 
electrical property is not acquired — arise. It is generated with the thermal stress under single crystal growth, 
and the stress in a single crystal substrate remains during a crystal, without being eased also after it 
processes it in the shape of [ thin ] a wafer. In order to obtain a single crystal substrate without stress, it is 
necessary to raise a single crystal on the conditions that thermal stress is small but, and in order to raise a 
single crystal under the big temperature gradient of 50 degrees C/cm or more in the case of an LEC method, 
it is not avoided that big thermal stress is applied and stress occurs. Productivity of the problem was very 
bad although there were the vapor pressure control LEC method and perpendicular Bridgman method which 
raise an InP single crystal under inclination whenever [ low-temperature / with small thermal stress ] and 
which perform an LEC method in the Lynn ambient atmosphere as approaches. 
[0003] 

[The technical problem which invention will solve and to carry out] The purpose of this invention offers the 
approach of manufacturing an InP single crystal substrate without stress for high productivity. It mentioned 
above that there were a vapor pressure control LEC method and a perpendicular Bridgman method as a 
single crystal growth method which stress does not produce. B-2 03 which is liquid encapsulant when the 
temperature gradient of a crystal training interface is made small in an LEC method Upside temperature 
becomes high and it is B-2 03. Lynn will slip out from the front face of a single crystal ingot out of which it 
came upwards. In order to prevent this Lynn omission, the vapor pressure control LEC method applied the 
moderate partial pressure of the Lynn steam into the ambient atmosphere. In order to prevent the steam of 
Lynn pulling up in this approach, and condensing to a furnace wall, the interior is made into double 
structure, and the device maintained at the temperature to which Lynn does not condense an inside wall is 
required, and it is necessary to devise a seal to the appearance to which the Lynn steam does not leak from 
an inside wall further. Thus, as a result of the structure in a furnace becoming complicated, cleaning in the 
furnace for every single crystal growth becomes complicated, and the problem that the operating ratio of a 
furnace falls arises. Moreover, as a result of making small the temperature gradient at the time of single 
crystal growth, the diameter controllability worsened, therefore the probability of polycrystal-izing or twin 
crystal generating became high, and the problem that single crystal yield falls is also produced. 
[0004] Polycrystal generates a perpendicular Bridgman method from the part by the wetting of a raw 
material and a crucible, and single crystal yield has come [ on the other hand ] to be put in practical use as 
means of production of a single crystal very low. An LEC method is the only thing which is the technique in 
which productivity is the highest, and is used for raising an InP single crystal although current and an InP 
single crystal are produced. However, since the temperature gradient of a crystal growth interface is large in 
cm and 50 degrees C /or more, stress will occur with thermal stress. As mentioned above, by the single- 
crystal-growth approach that single crystal yield is high, stress arises during a crystal and there is a problem 
that single crystal yield is very bad, in a single crystal growth method which stress does not generate. This 
invention is an approach for obtaining the single crystal substrate which solves the above-mentioned 
problem and does not have stress by high yield. 
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[0005] 

[Means for Solving the Problem] MLEC which impressed the usual big LEC method or usual big magnetic 
field of a temperature gradient where single crystal growth was excellent in productivity in this invention — 
it supposes that it carries out by law and the stress produced during single crystal growth by subsequent 
annealing is removed. Although ingot annealing had already been performed in GaAs, this purpose 
improves the homogeneity of an electrical property chiefly, and it was not performed in order to remove 
stress (refer to JP,51-142270,A, JP,61-8917,A, and JP,61 -185923, A). 

[0006] As a result of repeating various examination, the artificer found out that the stress produced during 
single crystal growth was removable by annealing at the temperature below 800-degree-C or more melting 
point. ****** [ annealing / the ingot which raised the single crystal is still sufficient as it, and ] after 
processing this annealing in the shape of a wafer. On the occasion of annealing, it is necessary to prevent 
that Lynn evaporates from a crystal front face in annealing. As the means, annealing is performed in the 
Lynn steam of the pressure more than the dissociation pressure of InP, or a phosphine ambient atmosphere, 
or it is B-2 03. The method of performing annealing in inside is raised. Furthermore, a programming rate 
and a cooling rate should avoid rapid heating quenching, and should select it within limits in which a crystal 
does not receive stress. Although specifically based also on the magnitude of a crystal, the programming rate 
should be carried out in 100 degrees C /or less, and the cooling rate should be carried out in 50 degrees 
C/o'clock or less o'clock. Moreover, as for the case of a wafer, in the case of an ingot, for 20 - 60 minutes is 
usually required for 15 to 30 hours that, as for annealing time amount, a crystal should just become 
homogeneity temperature. 
[0007] 

[Function] By carrying out temperature management strictly, this invention prevents distorted generating 

under crystal by maintaining a crystal to equilibrium. 

[0008] 

[Example] The S dope InP single crystal ingot raised in the example 1 LEC method was heat-sealed with the 
degree of vacuum of lxlO-5Torr in quartz ampul with red phosphorus. When it all evaporated in annealing 
temperature, the red phosphorus put in at this time adjusted the amount so that it might become one 
atmospheric pressure. The ampul heat-sealed succeedingly was set in the soaking pit, and 1000 degrees C 
and annealing of 20 hours were performed. The programming rate at this time carried out [ degrees C / // 
100 ] the cooling rate in 50 degrees C/o'clock in o'clock. After [ annealing termination ] periphery grinding 
and a slice were performed, and, finally the double-sided mirror wafer with a thickness of 350 micrometers 
was made. On the other hand, after raising in an LEC method, the ingot which did not perform annealing 
was processed similarly and the double-sided mirror wafer with a thickness of 350 micrometers was made to 
it. Although slip line-like stress was seen by the wafer which did not perform annealing at the periphery as a 
result of observing both stress with an infrared transmission method, stress was not observed at all by the 
wafer which performed annealing. 

[0009] Only the Sn dope InP single crystal ingot raised in the example 2 LEC method was heat-sealed in 
quartz ampul with the degree of vacuum of lxl0-5Torr. The ampul heat-sealed succeedingly was set in the 
soaking pit, and 800 degrees C and annealing of 20 hours were performed. The programming rates and 
cooling rates at this time are 100 degrees C/[ o'clock and ] and 50 degrees C/o'clock, respectively. The 
double-sided mirror wafer with a thickness of 350 micrometers was made to this ingot after annealing 
termination. Moreover, the ingot which did not perform annealing also observed finishing and stress to the 
double-sided mirror wafer with a thickness of 350 micrometers. Consequently, although the stress of the 
symmetry was observed 4 times by the wafer which did not perform annealing, stress was not observed with 
the wafer which performed annealing. 

[0010] When the Sn dope InP single crystal ingot raised in the example 3 LEC method was processed into 
the double-sided mirror wafer with a thickness of 350 micrometers and stress was observed, the stress of the 
symmetry was observed 4 times. It is PH3 about this wafer. 900 degrees C and annealing for 30 minutes 
were performed in the air current. The programming rates and cooling rates at this time are 50 degrees C/ 
[ o'clock and ] and 30 degrees C/o'clock, respectively. It did not try to be removed by stress when the stress 
of this wafer was again observed after annealing termination. 
[0011] 

[Effect of the Invention] By the annealing approach of this invention, the stress produced during single 
crystal growth can be removed, and an InP single crystal substrate without stress can be manufactured by 
high yield. By using this single crystal substrate, upgrading and the improvement in yield in an epitaxial 
layer are attained, and the improvement in the engine performance and the improvement in yield of a device 
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in a laser diode etc. are attained. 



[Translation done.] 
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